The relation between coronary artery ectasia (CAE) and erectile dysfunction (ED) has not been studied so far. Hence, we decided to investigate the erectile function score in patients with CAE. We investigated the international index of erectile function (IIEF)-5 score in 34 men with CAE, 38 men with coronary artery disease (CAD), and 30 male controls with normal coronary arteries whose mean ages were 53.2 ± 5.6, 51.4 ± 7.8, and 49.6 ± 8.6 years, respectively. Erectile function was evaluated by the five-item version of the IIEF-5. Each question is scored from 0 to 5. CAE was defined as being without any stenotic lesions with a visual assessment of the coronary arteries showing a luminal dilatation 1.5-fold or more of the adjacent normal coronary segments. IIEF-5 scores in CAE group were found statistically significantly lower than the control group (Po0.001). There were no statistically significant differences in IIEF-5 scores between CAE and CAD groups (P ¼ 0.13). We have shown for the first time that patients with CAE have lower IIEF-5 scores compared with controls with normal coronary angiograms. Many studies reported that endothelial dysfunction in patients with CAE was more dominant than those with CAD. This study suggests that ED and CAE may be different manifestations of a common underlying vascular pathology and vasculogenic ED is frequently seen in CAE at least as much as in CAD.
Introduction
Coronary artery ectasia (CAE), an abnormality of the coronary anatomy, consists of localized and/or diffuse dilatation without a stenotic lesion exceeding 1.5 times the normal portion diameter of the artery. It is a relatively rare abnormality with the prevalence ranging from 1.2 to 4.9% in several angiographic series. [1] [2] [3] There is no consensus about the etiology, prognosis, morbidity and mortality related to the abnormality, although several studies have been conducted. Congenital, inflammatory and connective tissue disorders have been suggested as possible etiologies, but atherosclerosis is the main causative entity in the majority of cases. 2, 4, 5 Clinically, there is a male preponderance, with a male to female ratio of 3:1. 1, 6, 7 Erectile dysfunction (ED), defined as the inability to maintain an erection sufficient for a satisfactory sexual performance, is a highly prevalent disorder in ageing men that affects more than 150 million men worldwide. 8, 9 Recently, the emphasis on the likely etiology of ED has shifted from psychogenic causes to those of vascular origin. 10, 11 Several studies showed that ED was associated with many coronary risk factors, including diabetes mellitus, hypertension, smoking and abnormal lipid profile. [12] [13] [14] [15] It has been suggested that ED may be considered as a clinical manifestation of a functional (endothelial dysfunction) and/or structural abnormality affecting penile circulation as a part of a more generalized vascular disorder. 16, 17 There are several studies that investigated the link between ED and coronary artery disease (CAD) in the literature. The relation between CAE and erectile function score has not been studied so far. The aim of the present study was to investigate the international index of erectile function (IIEF)-5 scores in patients with CAE.
Materials and methods

Patients
The study was designed as a prospective casecontrol study. The study population was selected from a series of 1710 consecutive patients who underwent coronary angiography between November 2009 and October 2010 in the Mustafa Kemal University because of the presence of chest pain or positive or equivocal results of non-invasive screening tests for myocardial ischemia. The study included 102 male subjects divided into three groups. The CAE group consisted of 34 subjects (mean age, 53.2 ± 5.6 years) with CAE who had irregularities with ectatic coronaries without any stenotic lesions. The CAD group consisted of 38 subjects (mean age, 51.4±7.8 years) with CAD (stenotic lesions 420%). The control group consisted of 30 age-and sex-matched individuals (mean age, 49.6±8.6 years) who were selected in a consecutive manner from the catheterized patients during the same study period and who proved to have normal coronary angiograms. All subjects were evaluated by detailed medical and sexual history, physical examination and biochemical analysis. Special emphasis was put on cardiovascular risk factors and diseases. Blood was analyzed with respect to concentrations of low-density lipoprotein cholesterol, high-density lipoprotein cholesterol and triglycerides (Beckman Coulter Syncron LX 20, Beckman Coulter, Brea, CA, USA). Hypertension was defined as blood pressure X140/90 mm Hg or use of antihypertensive medications. All subjects were questioned for any cardiovascular drug use, smoking habit and alcohol consumption, and underwent transthoracic echocardiography for left ventricular ejection fraction assessment. Image acquisition was performed in the left lateral decubitus position using a Vingmed System Vivid 7 (GE Vingmed Ultrasound, Horten, Norway) with a standard two-dimensional transducer.
Exclusion criteria included the following: refusal to participate in the study; diabetes mellitus; known CAD; left ventricular dysfunction (left ventricular ejection fractiono50%) and hypertrophy; unstable ischemic conditions (unstable angina pectoris and myocardial infarction); valvular heart disease; congenital heart disease; any abnormality in thyroid function tests; renal or hepatic dysfunction (creatinine 41.2 mg dl
À1
, aspartate aminotransferase and alanine transaminase more than twice the upper limit of normal, respectively); systemic diseases; taking b-blockers or diuretics alone; receiving central acting antiadrenergic agents; depression and anxiety disorder; taking antidepressants, antipsychotics, anxiolytics or any medication that can interfere with ED. Written informed consent was obtained before enrollment from all of the participants. The Institutional Ethics Committee approved the study protocol and study was conducted in accordance with the Declaration of Helsinki.
Cardiac catheterization
All patients in the study underwent selective coronary artery angiography using Siemens Axiom Artis DFC (Siemens Medical Solutions, Erlangen, Germany) after appropriate patient preparation. Iopromide 370 (Ultravist 370, Schering AG, Berlin, Germany) was used as contrast agent during coronary angiographies in the study patients. Femoral artery and sometimes radial cannulation was used for the arterial access site and a Judkins system was applied for cannulation of the left and right coronary arteries. All angiograms were evaluated by two experienced physicians who were blind to the study. Angiograms with localized and/or diffuse dilatation without stenotic lesion exceeding 1.5 times the normal segment of the artery were diagnosed as CAE. Ectasia diameter was calculated by quantitative angiography on digital angiograms. When there was no identifiable adjacent normal segment, the mean diameter of the corresponding coronary segment in the control group served as normal values. Any stenoses 420% at one of the major epicardial coronary arteries on the angiograms were defined as CAD. Angiograms without stenotic lesions in any major epicardial coronary arteries were considered normal angiograms.
Erectile function assessment
The subjects answered the native language five-item version of the IIEF-5. Each question was scored from 0 to 5.
Statistical analysis
Continuous variables were given as mean ± s.d., and categorical variables were defined as percentage. Data were tested for normal distribution using the Kolmogorov-Smirnov test. Groups were compared with one-way analysis of variance test for multiple comparisons. When significant difference was observed between three groups using one-way analysis of variance test, Tukey test was used for the determination of difference between couples. Statistical significance was defined as Po0.05. Statistical Package for the Social Sciences statistical software package version 11.5 for Windows (Statistical Package for the Social Sciences, Chicago, IL, USA) was used for statistical analyses.
Results
The main characteristics of the study population are given in Table 1 . There were no statistically significant differences between three groups with Coronary artery ectasia and erectile function score AB Akcay et al respect to age, presence of hypertension, smoking, and alcohol consumption (P40.05). Laboratory characteristics of all groups were not statistically different ( Table 1 ). The IIEF-5 scores were significantly lower in CAE than control group (Po0.001). There were no statistically significant differences in IIEF-5 scores between CAE and CAD groups (P ¼ 0.13; Figure 1 ).
Discussion
In this study, we found that IIEF-5 score was significantly decreased in patients in both CAE and CAD groups compared with controls with angiographically normal coronary arteries. There were no statistically significant differences in IIEF-5 scores between the CAE and CAD groups.
The clinical relevance and pathophysiology of CAE have received increasing attention in the last decade. 18 Histopathological characteristics of CAE are similar to those of coronary atherosclerosis, so it is not surprising that hypotheses for the origin of CAE revolve around the vascular endothelium and the biological properties of the arterial wall. Nevertheless, the specific causative mechanism of abnormal luminal dilatation in CAE remains unclear.
Histology of ectasic segments has demonstrated extensive atherosclerotic changes and destruction of the media of the vessel wall. 19 In more than half of patients with CAE, the condition is related to coronary atherosclerosis, but occasionally it is allied with other pathological entities such as collagenosis, connective tissue diseases and vasculitis. 20 Such patients were excluded from the patient population in the present study. The main coronary angiographic characteristics of CAE are impaired coronary blood flow, delayed antegrade contrast filling, segmental back flow phenomenon (milking phenomenon) and stasis with local deposition of contrast in dilated coronary segments. 4 Therefore, CAE is also associated with increased coronary morbidity and mortality through mechanisms such as coronary slow flow, coronary vasospasm, dissection and thrombus formation. 20 ED is a common disorder, the prevalence of which increases with age: it affects 5-10% of men aged 40 years and 40-60% of men aged 70 years. Although aging alone accounts for many cases of ED, most patients with the disorder also exhibit a variety of common chronic cardiovascular risk factors, including diabetes, hypertension, dyslipidemia, obesity and cigarette smoking. 21 In our study population, diabetic patients were excluded from the study, and Coronary artery ectasia and erectile function score AB Akcay et al there was no statistical significant difference between the patient groups for other risk factors (Table 1) . Evidence is accumulating to support the concept that ED and CAD are differing manifestations of a common underlying vascular pathology. Presence of a number of common risk factors, presence of several pathophysiological links, and a number of retrospective association studies have reinforced the idea that the link between ED and CAD is important and real. 21 Vasculogenic ED results from impairment of endothelium-dependent or -independent smooth muscle relaxation (functional vascular ED, initial stage), occlusion of the cavernosal arteries by atherosclerosis (structural vascular ED, late stages) or a combination of these. [22] [23] [24] Interestingly, small diameter of cavernosal arteries and high content of endothelium on the basis of per gram of tissue (compared with other organs) may make the penile vascular bed a sensitive indicator of systemic vascular disease. 25 Endothelial dysfunction results from a decrease in the production of nitric oxide (NO) or an increase in oxidation. In cardiovascular diseases, decreased NO level causes lack of endothelium-dependent vasodilatation and leads to ED. 26 The study on NO by Koc et al. 27 found that L-arginine/asymmetric dimethylarginine ratio and L-arginine levels in the group with CAE were significantly lower than the group with normal coronary arteries. Cay et al. 28 found an increased L-arginine/asymmetric dimethylarginine level in patients with CAE compared with those with normal coronary arteries. Those studies reveal NO-mediated endothelial dysfunction as one of the common pathophysiological mechanisms of CAE and ED. The inverse relation between erectile performance and oxidative stress has been highlighted recently. 29, 30 Increased production of reactive oxygen species (such as superoxide and peroxynitrite) in subjects with cardiovascular risk factors decrease bioavailability of NO and may lead to ED. 31 The study by Barassi et al. 32 found that while the concentration of plasma reactive oxygen metabolite was higher in arteriogenic ED compared with non-arteriogenic ED, plasma total antioxidant level was lower in arteriogenic ED. In the study by Sezen et al., 33 serum total oxidant level and oxidative stress index were increased, and total antioxidant level was lower in the CAE group compared with the control group. Those two studies reveal oxidative stress, another common mechanism leading to endothelial dysfunction, in CAE and ED. The study by Dogan et al. 34 found matrix metalloproteinase-3 and matrix metalloproteinase-9 levels higher in the patients with CAE than those in CAD and control groups. In one study by Savino et al., 35 vascular endothelial growth factor in the group with CAE was found higher than the groups with CAD and normal coronary arteries. As a common outcome of those two studies, increased matrix metalloproteinases and increased vascular endothelial growth factor may be suggested to account for extracellular matrix remodeling that distinguishes CAE from CAD. The study by Uyarel et al. 36 found angiotensin-converting enzyme DD genotype higher in CAE group compared with CAD group. Angiotensin-converting enzyme deletion polymorphism was reported higher in men with organic ED. 37 In conclusion, polymorphism of angiotensin-converting enzyme that is responsible for adjustment of vascular tonus is frequently seen in CAE and ED. In another study by Li et al., 38 patients with CAE had significantly higher levels of peripheral circulating white blood cell count and monocyte cell count, and elevated plasma CRP and interleukin-6 (IL-6) levels compared with those with obstructive CAD, and angiographically normal controls. However, the independent variable most strongly associated with CAE was CRP. This study showed that CAE was associated with inflammatory response presented as elevated inflammatory cytokines and differential leukocytes. Yilmaz et al. 39 found that patients with isolated CAE had raised levels of plasma soluble intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and E selectin in comparison with patients with obstructive CAD without CAE and control subjects with normal coronary arteries, suggesting the presence of a more severe and extensive chronic inflammation in the coronary circulation in these patients.
Different characteristics of patients with CAE from patients with CAD can be listed as inflammatory parameters being more evident in CAE group; extracellular matrix remodeling because of increased metalloproteinase-3 level in plasma; and a decrease in dilation independent from endothelium. 18 This study also found a statistically significant relation between CAE and IIEF-5 score, confirming all the studies above. In conclusion, however atherosclerosis is one of the responsible mechanisms in CAE, actual cause of ectasia is unknown. Parameters indicating endothelial dysfunction may be more evident in CAE than CAD. Such data confirms the relation between CAE and ED, the clinical reflections of endothelial dysfunction.
Conclusion
Our data suggest that ED has an increased prevalence in male patients with CAE compared with the control group. Endothelial dysfunction was proposed to be the underlying mechanism in both diseases. This study suggests that ED and CAE may be different manifestations of a common underlying vascular pathology and vasculogenic ED is frequently seen in CAE at least as much as in CAD.
Limitation of the study
Relatively small size may be a limitation of this study. However, in this study, a statistically Coronary artery ectasia and erectile function score AB Akcay et al significant difference was found between the CAE patient group and the control group in terms of IIEF-5 score. In addition, angiography could not assess the plaque burden, as the patients without evidence of luminal stenosis by angiography often have plaque burden in the wall of the coronary arteries. Although intravascular ultrasonography is the method to demonstrate plaque burden completely, the use of angiography may be a limitation of this study. Diuretics are known to lead to ED. Although the patients on diuretics alone were excluded from the study, those on combined diuretics were not excluded as the number of patients with hypertension was high. It would be appropriate to perform a regression analysis for the factors affecting ED in this study, but we failed to do so owing to our small number of patients.
